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(57) Abstract j 

Process for the recovery of ampicillin from a mixture containing ampicillin and 6-ammopemciUic acid (6-APA), ;n which a mixture ; 
of ampicilhn and 6-APA. with a pH higher than 7, which apart from any solid ampicillin being present is homogeneous at a pH between j 
7 and 8 5. is subjected to a pH lowenng till a pH lower than 8.2 is reached, and the solid substance present is recovered. The process ! 
is in particular suitable to be applied to the reaction mixture which is obtained after the enzymatic acyiation reaction of 6-APA with a 1 
phcnylglycidine derivative as acyiation agent. Pure ampicillin can thus be recovered in a simple v».a\ 
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The invention relates to a process for the 
recovery of ampiciilin from a mixture containing 
ampicillin and 6-aminopeni c i 1 I ic acid (6-APA). 

In the preparation of ampicillin, with 6-APA 
being acylated with a O-phenylglyc ine derivative, the 
recovery of the ampicillin and working up of the 
reaction mixture are difficult in general. 

A process for isolating the ampicillin pure 
from a mixture containing ampicillin and minor 
quantities of 6-APA is described in JP-A-47030687 . 
According to the process described in this Japanese 
publication, an acid aqueous mixture containing 6-APA 
and ampicillin is subjected to an extraction with 
butanol or isoamylalcohol , after which the pH is raised 
to a value between 6 and 7 and the product is recovered 
by complete boiling down and f r eeze-drying. The 
drawback of this method is that organic solvents that 
are alien to the process have to be added. In addition, 
complete boiling down and f r eeze-dr y ing is not 
industrially practicable. Moreover, the process 
involves formation of salts that are included in the 
freeze-dried product. 

The object of the invention is to provide a 
simple, industrially practicable process allowing 
ampicillin to be recovered in pure form without making 
use of said organic solvents that are alien to the 
process . 

This is achieved according to the invention 
m that a mixture containing ampicillin and 6-APA and 
having a pH higher than 7, which, apart from any solid 
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ampicillin that is present, is homogeneous at a pH 
between 7 and 8.5, is subjected to a p„ lower rr.g to a 

l0Uet :ha " 6 - 2 ' ">» th. solid substance present 

*s recovered. 

nK . K 3F?llcan - found that by lowering the 

PH of the mixture to a value lower than 6.2, ^ 
instance between 5 and 8 , in particular between c a _ 
7.8, depending on the composition of the reaction'^ 
mixture, ic is possible tc cause a.picillin to be 
crystallized r^*- ^i^k 

_ °- Wth a P urit y cf more than 90 mass%, 

-n par ocular more than 98 mass%, even if a laroe 
amount of 6 - APA ls present in ^ ^ 

can be recovered. Besides ampicillin the reaction 

mature often contains other valuable components, such 

as tor i n c 1- a ~ j. w _ , . 

_ = o"rtf a . m order to get a 

commercially attractive process it is consequently 
important also to mi„i m i 2e th . 6 - sps and amplem * n 
losses It has also been found that if subsequently the 
PH rs lowered further to a value of less than 
particular between 1.5 and 6. 6-apa a nd the remaining 
amprcrllin crystallize out virtually completed, after 
which this mixture of 6-APA and ampicillin ca~'be 
recovered, for instance by filtration. The resulting 
mixture of 6-APA and ampicillin can optionally be re- 
used, so that a process is obtained which yields pure 
amprcillin without significant losses of 6-APA and 
ampic i 1 1 in . 

The process according to the invention is ir 
particular suitable to be applied in the working up Q * 
the reaction mixture which is obtained afte- the 
enzymatic acylation reaction in which 6-APA is acylated 
with D- P henylglycme amice (PGA) or esters of D- 
Phenylgiycine. Thus, the process according to the 
invention can for instance be applied to a starring 
mixture that is obtained by successively filtering 
with isolation of (immobilized) enzyme, the reaction 
mixture of an enzymatic acylation reaction carried out 
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at a relatively high pK , for instance a pH between 7.5 
and 10, in particular between 8 and 10, lowering the pK 
tc a value between 7 and 9. Depending on the amount cf 
D-phenylglycine (PG) formed during the acylation 
reaction, if desired, it is possible tc remove first at 
a higher pH-vaiue between 7 and 9 - which is chosen 
dependent on the mixture such that already PG has been 
crystallized out and ampicilline has net yet - the 
eventually formed solid substance, which mostly will 
consist mainly cf PG. 

In another embodiment the starting mixture 
used is the mixture obtained after an enzymatic 
acylation reaction that ends at a relatively low P H, 
for instance a pH between 7 and 8.8, preferably between 
7.5 and S.S, and alter isolation of the solid substance 
which mainly contains the immobilized enzyme and D- 
phenylglycine . 

In the starting mixture containing 6-APA and 
ampicillin, a significant guantity of 6-APA may be 
present. The guantity of 6-APA is mostly less than 75 
mol% relative to the total amount of 6-APA plus 
ampicillin, preferably 2-60%, in particular 5-50%. 

The pH may be lowered in several ways in the 
framework of the invention, for instance chemically by 
adding an acid, for instance a mineral acid, in 
particular sulphuric acid, hydrochloric acid or nitric 
acid. Another possibility is for instance, if ?ga has 
been used as acylation agent in the acylation reaction 
cr if an ester cf PG has been used and the pH has been 
kept constant by means of titration with ammonia during 
the acylation reaction, to lower the pH through 
physical removal cf ammonia. Suitable physical removal 
methods are for instance stripping with steam or an 
inert gas; (steam) distillation at reduced pressure, in 
particular thin-film evaporation; evaporation in a 
spray tower; gas membrane separation or 
electrodialvsis . 
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e optimum pH at which ampicillin is 
recovered depends on the composition of the mixture and 
is chosen such that optimum separation of 6-APA and 
ampicillin is achieved. In practice the optimum pH is a 
compromise between on the one hand high purity of the 
ampicillin recovered, which is achieved if the pH at 
which the ampicillin is recovered is relatively high, 
so that the ampicillin is still partly in solution and 
the 6-APA still completely in solution, and on the 
other hand a high yield, which is achieved if the p H at 
which the ampicillin is recovered is relatively low so 
that the ampicillin has been precipitated virtually 
completely, while at the same time part of the 6-APA 
has also been precipitated. For the person skilled in 
the art it is « asy co determine the optimum pH in a 
given situation. 

The temperature at which the working up is 
performed is mostly lower than 35°C, preferably between 
0 and 30°C, in particular between 10 and 30°C. 

The process according to the invention for 
recovery of pure ampicillin in combination with 
recirculation of the mixture of 6-APA and ampicillin 
obtained after further pH lowering, applied to the 
mixture obtained after enzymatic acylation of 6-APA 
with PGA enables an overall high selectivity towards 6- 
APA to be achieved, in particular higher than 80%. The 
remaining filtrate, which mainly contains minor 
residua^ amounts of PGA, may optionally be worked up 
further, for instance by bringing it to a pH higher 
than S, m particular between 8.5 and 1C. If desired, 
it is possible tc apply further concentration and 
ceding to a temperature lower than 10°C, for instance 
between C and 8°C. In this way a process is obtained 
with which both 6-APA and PGA can be applied with a 
high efficiency. In the enzymatic acylation reaction, 
PGA or esters of PGA for instance may be used as 
a c v 1 a t i c r. a n e n - 
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In principle any enzyme can be used that is 
suitable as catalyst in the coupling reaction. Such 
enzymes are for instance the enzymes that are known 
under the general designations 'penicillin amidase ' and 
'penicillin acylase ' . Examples of suitable enzymes are 
enzymes derived from Acetobacter . Aeromonas . 
Alcaliqenes , Alc al iqenes , Achanoelatiinm . Bacillus sp. . 
Cephalosporin , Escherichia. Flavobacter i nm . K luvvera . 
Mycoplana , ?r otamir.oharr p: . Pseudomonas and 
Xanthomonas , in particular Acetobaxter aasteur i annm 
Bacillus meqaterium , Escherichia ml < and Xanthomonas 
c i t r i i . 

Preferably an immobilized enzyme is used, 
since the enzyme can be easily isolated and re-used 
then. Immobilized enzymes are known as such and are 
commercially available. Example of suitable enzymes are 
the Escherichia coli enzyme from Boehringer Mannheim 
GmbH, which is commercially available under the name 
'Enzygel®', the immobilized Penicillin-G acylase from 
Recordati, the immobilized Penicillin-G acylase from 
Pharma Biotechnology Hannover, and an Escherichia col i 
penicilline acylase isolated as described in WO-A- 
92/12782 and immobilised as described in EP-A-222462. 

The enzymatic acylation reaction is mostly 
carried out at a temperature lower than 35°C, 
preferably between 0 and 28°C. The pH at which the 
enzymatic acylation reaction is carried out is mostly 
between 5.5 and 10, preferably between 6 and 9. 

In practice the enzymatic acylation reaction 
and the working up of the reaction mixture are mostly 
carried cut in water. Optionally, the reaction mixture 
may also contain an organic solvent or a mixture of 
organic solvents, preferably less than 30 vol.%. 
Examples cf organic solvents that can be used are 
alcohols with 1-7 carbon atoms, for instance a 
monoaicohol, in particular methanol or ethancl; a diol , 
in particular ethylene glycol or a triol, in particular 
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glycerol . 

In the framework: of the present invention the 
various components may be present in the reaction 
mixture in the free form or as salts. The pH values 
5 mentioned are in all cases the pH values measured at 
room temperature. 

The invention will be further elucidated by 
means of the following examples, without however being 
restricted thereto. 

10 

Abbr ev ia t i ons : 
AMP I = ampicillin 

AMPI.3H 2 0 = ampicillin trihydrate 
6-APA = 6-aminopeni c i 11 ic acid 
15 PGA = D-phenylglycine amide 
PG = D-phenylglycine 

Example I 

Enzymatic coupling of 200 mM of PGA and 200 
20 mM of 6-APA at 5°C, followed by working up. 

A mixture of 43.9 g of 6-APA and 30.6 g of 
PGA was suspended in 877 ml of water and cooled to 5°C. 
The resulting suspension was added to 100 g of 'wet' 
immobilized Pen-G acylase from Recordati (Milan). This 
25 enzyme is commercially available in a mixture of water 
and glycerol ('wet enzyme'); before use it was washed 
three times with 100 ml of water. 

After 2 hours the pH had risen to 8.16. By 
means of concentrated aqueous NH 3 the pH was brought tc 
3C 8.6 and after 5 minutes the reaction mixture was 

filtered through a G-3 glass filter; the residue was 
washed with 100 ml of water (5°C). This residue was a 
mixture of enzyme and PG formed during the reaction. 

The combined filtrate was acidified to pH 6.8 
25 at 5°C in 10 minutes by means of concentrated H 2 S0 4 . 

After 3C minutes, filtering, washing with 3 x 30 ml of 
water and drying were performed, which yielded 30.6 g 
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of AMPI.3H 2 0 with a chemical purity (on a water-free 
basis) of > 98%. 

The mother liquor of the AMP I crystallization 
was again acidified to pH = 4.6 with concentrated H 2 S0, 
at 5°C. After stirring for 1 hour, filtering and 
washing with 2 x 20 ml of water were performed, which 
yielded 13.0 g of solid substance, calculated on a 
water-free basis. This solid substance contained a 
mixture cf A? A and AWPI in a molar ratio of 94:6. 

Example II 

Enzymatic coupling of 200 mM of PGA and 200 
mW of 6-APA at 5°C, followed by working up. 

A mixture of 43.9 g of 6-APA and 30.6 g of 
PGA was suspended in 877 ml of water and cooled to 5°c. 
The resulting suspension was added to 100 g of 'wet' 
immobilized Pen-G acylase from Recordati (Milan). This 
enzyme is conuner cially available in a mixture of water 
and glycerol ('wet enzyme'); before use it was washed 
three times with 100 ml of water. 

After 2 hours the pH had risen to 8.16. By 
means of concentrated aqueous NH 3 the pH was brought to 
8.6 and after 5 minutes the reaction mixture was 
filtered through a G-3 glass filter; the residue was 
25 washed with 100 ml of water (5°C). This residue was a 
mixture cf enzyme and PG formed during the reaction. 

The combined filtrate was worked up as 
follows: by means of a rotary film evaporator 510 ml cf 
liquid was distilled off at 20°C (in about 45-60 
30 minutes), after which 510 ml of water was added. This 
procedure was repeated one time. The resulting 
suspension was filtered through a G-3 glass filter and 
washed with 2 x 30 ml of water (S°C) and dried, which 
yielded 22.2 g of AM?I.3H 2 0 of a chemical purity (on a 
5 water-free basis) of > 99%. 
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CLAIMS 


1. Process for the recovery of ampicillin from a 
5 mixture containing ampicillin and 6- 

aminopenicillic acid ( 6-APA ) , characterized in 
that a mixture which contains ampicillin and 6- 
APA, with a pH higher than 7 , which apart from any 
solid ampicillin being present is homogeneous at a 
1C P H between 7 and 6.5, is subjected to a pH 

lowering till a pK lower than 8.2 is reached, and 
the solid substance present is recovered. 

2. Process according to claim 1, characterized in 
that the pH is lowered to a value between 5.5 and 

3. Process according to claim 1 or 2, characterized 
in that the starting mixture contains 2-60 mol% of 
6-APA , calculated relative to the total amount of 
6-APA and ampicillin. 

2C 4 - Process according to any one of claims 1-3, 

characterized in that the remaining liquid phase 
is subjected to a pH lowering to a pH lower than 7 
and the solid substance present is recovered. 

5. Process according to claim 4, characterized in 

2 - that the remaining liquid phase is subjected to a 

pH lowering to a pH between 1.5 and 6. 

6. Process according to any one of claims 1-5, 
wherein the mixture of ampicillin and 6-APA is 
prepared from the reaction mixture of an enzymatic 

30 acylation reaction carried out at a pH between 7.5 

and 10, through lowering the pH to a value between 
7 and 9 and isolating the solid substance. 
Process according to claim 6, wherein first the 
solid substance present is isolated from the 

35 reaction mixture obtained after the acylation 

r eact ion. 
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Process according to any one of claims 1-5, 
wherein the mixture cf ampicillin and 6-APA is 
prepared from the reaction mixture cf an enzymatic 
acylaticn reaction at a pH between 7 and S.6, with 
isolation of the solid substance present. 
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